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.© Improved yarn and safety apparel. 

© Cut-resistant yarn suitable for machine knitting 
and machine-knitted protective articles of apparel, 
more specifically, flexible gloves, at least in part 
made from such a yarn and also such gloves having 
a slip-resistant coating, preferably polyurethane," ap- 
plied in a predetermined pattern to the outside sur- 
face of the gloves. The yarn utilizes a core of syn- 
thetic fibers held in a bundle by two initial wraps of 
low denier synthetic material having widely spaced 
turns or by a plastic coating on, or by a plastic 
matrix for, the fibers. One or more strands of metal 
wire or glass fiber are disposed about the core. The 
initial wraps or plastic that bundle the core create a 
uniform, cylindrical shape to the multifilament fiber 
core that is believed to increase cut-resistance and 
that promotes uniformity in yarn diameter as subse- 
quent wraps are applied, and prevent sharp bends in 
the wire or glass fibers disposed about the core. 
Additional wraps cover the wire or glass fiber. 
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The invention relates to cut-resistant yarn suit- 
able- for machine knitting and to safety apparel 
made with the yarn. 

Cut-resistant yarn utilizing stainless steel wire 
in a coro, typically along with high strength syn- 
thetic fiber, and wound with synthetic fiber, includ- 
ing high strength synthetic liber, and apparel made 
from such yarn, are known from, e.g., the Byrnes et 
a!. U. S. Patent No. 4,384,449 and the Bertcher U. 
S. Patent No. 4,470,251. While the yarns disclosed 
in those patents use aramid fiber to enhance cut- 
resistance, it is also known to use high strength 
stretched polyethylene fiber for that purpose. Cut- 
resistant yarns have also been proposed in which a 
wire strand is not in the core, but rather wrapped 
about a core. See, e.g., Kolmes et al U. S. Patent 
Nos. 4,777,789 and 4,838,017. There is a need for 
an improved knitable cut-resistant yarn construction 
in which wire is provided about the core rather than 
forming the core. 

The present invention provides an improved 
cut-resistant yarn suitable for machine knitting, and 
protective apparel, made from the yarn, such as 
gloves, protective sleeves, and the like. The yarn 
utilizes metal wire or wires wrapped about a core of 
fiber. Because of the wrapping, a relatively greater 
amount of wire is incorporated into the yarn than 
when the wire is a straight core strand. This ar- 
rangement often results in more than a single con- 
tact between the wire and a sharp object applied 
against the yarn. In addition, the wire, being in a 
helix, is not subjected to the tension or sharp 
bending that a central core wire is during the 
knitting process. 

The yarn of the present invention is an im- 
provement over known yarns having wire wraps 
about a core, especially by the provision of two 
initial wraps of low denier synthetic material having 
widely spaced turns about a multifilament core 
strand and beneath the wire wrap. The two initial 
wraps bundle the core and create a uniform, cylin- 
drical shape to the multifilament fiber core that is 
believed to increase cut-resistance and that pro- 
motes uniformity in yarn diameter as subsequent 
wraps are applied,- and avoids sharp bends in the 
wrapping wire that can occur with a core made 
from a multifilament strand that is relatively flat or 
that is irregular in cross-sectional shape. This uni- 
formity is particularly important in a yarn having a 
large number of wraps, and in preferred embodi- 
ments of the yarn of this invention, five wraps are 
utilized. Also, in preferred emodiments, wire is 
wound only in a single direction, avoiding crossing 
of wire strands, thereby eliminating wear points that 
tend to fracture and eliminating irregularities in the 
yarn thickness that otherwise might occur at cross- 
over points. 

The invention also contemplates glass fibers in 


216 A1 



v 


place of or in addition to the wire or wires wrapped 
about the bundled core filaments. 

In particular, the invention provides a cut-resis- 
tant yarn suitable for machine knitting, having: (a) a 

5 core of at least a 150 denier comprised of synthetic 
fiber; (b) means retaining fibers of the core in a 
bundle; (c) a wrap having a maximum diameter of 
0.010 incrr consisting of metal wire or glass fiber, 
two to twelve turns per inch; and (d) one or more 

10 wraps of 300 to 2000 denier synthetic fiber with 
directly adjacent turns. 

The invention further provides a cut-resistant 
machine-knitted protective article of apparel, and 
more specifically a flexible glove, at least in part 

75 made from such a yarn and also such a glove 
having a slip-resistant coating, preferably polyure- 
thane, applied in a predetermined pattern to the 
outside surface of the glove. 

In one preferred construction, the yarn com- 

20 prises a core having a strand of multifilament high 
strength stretched polyethylene fiber of 500 to 
1200 denier, and the following wraps wound with 
helical turns about the core in the order set forth: 
(a) a first wrap of 50 to 200 denier textured nylon, 

25 four to ten turns per inch; (b) a second wrap of 50 
to 200 denier texturized nylon wound in the op- 
posite direction from the first wrap, four to ten turns 
per inch; (c) a third wrap having a maximum diam- 
eter of 0.010 inch of annealed stainless steel wire 

30 or wires, four to twelve wraps per inch; (d) a fourth 
wrap of 200 to 800 denier polyester fiber, the turns 
being directly adjacent each other; and (e) a fifth 
wrap of two 200 to 800 denier strands of polyester 
fiber wrapped in the opposite direction from the 

35 fourth wrap, the turns being directly adjacent each 
other. 

In another preferred construction, the yarn 
comprises a core having a strand of multifilament 
high strength stretched polyethylene fiber of 500 to 
40 1200 denier, and the following wraps wound with 
helical turns about the core in the order set forth: 
(a) a first wrap of 50 to 200 denier nylon, four to 
ten turns per inch; (b) a second wrap of 50 to 200 
denier nylon wound in the opposite direction from 
45 the first wrap, four to ten turns per inch; (c) a third 
wrap having a maximum diamter of 0.010 inch of 
stainless steel wire or wires, four to twelve wraps 
. per inch; (d) a fourth wrap of 300 to 1200 denier 
high strength stretched polyethylene fiber, the 
so turns being directly adjacent each other; and (e) a 
fifth wrap of 600 to 1500 denier polyester fiber 
wrapped in the opposite direction from the fourth 
wrap, the turns being directly adjacent each other. 
The above and other features and advantages 
55 will become more apparent from the detailed de- 
scription that follows. 

In the accompanying drawings; 
Figure 1 is a fragmentary, diagrammatic view of 
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a first yarn embodying the invention; 
Figure 2 is a f-agmentary, diagrammatic view of 
a second yarn embodying the .invention; 
Figure 3 is a diagrammatic view of an article of 
apparel, i.e., a knitted glove, made of yarn con- 
structed in accordance with the invention, such 
as the yarn of Figure 1 or 2; 
Figure 4 is a diagrammatic enlarged cross sec- 
tional view of a multifilament core in which the 
filaments are bundled by a coating; 
Figure 5 is a diagrammatic enlarged cross sec- 
tional view of a multifilament core in which the 
filaments are bundled by a matrix; and 
Figure 6 is a diagrammatic view of a knitted 
glove made of yarn constructed in accordance 
with the invention and having a polyurethane 
coating on a surface in a pattern. 
The depicted glove A is exemplary of safety 
articles of apparel embodying the present invention 
(other such articles including sleeves, neck protec- 
tors, aprons, leggings and the like) and is a safety 
or protective glove suitable to be worn by opera- 
tives in the food processing and like industries 
where sharp instruments or articles, such as knives 
or material having sharp edges, for example, sheet 
metal, glass and the like, are handled. The glove is 
made of composite or multistrand yarn B or C 
constructed in accordance with the present inven- 
tion. The glove A has the usual finger and thumb 
stalls 6, 8, respectively, and a wrist part 9 incor- 
porating the elastic thread or yarn D and finished 
with an overwrap E. The glove is made using • 
conventional glove knitting methods and machin- 
ery. 

The yarn B comprises a core part 10 and 
multiple wraps 12, 14, 16, 18 and 20 applied one 
after the other and each wound helically in an 
opposite direction from the preceding one, which 
helps balance forces incident to the wrappings so 
the yarn has no unusual twist or tendency to coil 
and assists in holding the wrapping in place on the 
core. 

The core part 10 is a multifilament bundle of 
650 denier high strength stretched polyethylene 
synthetic fiber, preferably "Spectra 900" marketed 
by Allied Corporation, Morris Township, Morris 
County, N.J., U.S.A. The fiber is described in detail 
in U.S. patent No. 4,413,110 to Kavesh et al., the 
specification of which is hereby incorporated herein 
by reference. The core material provides high cut- 
resistance, knitability, flexibility and life to the yarn. 
Multifilament fiber of Spectra, as supplied by the 
manufacturer, is relatively flat in form. 

The first two wraps 12. 14 are identical but, 
wound in opposite directions about the core 10, 
and are each 100 denier texturized multifilament ■ 
nylon and wrapped at a rate or pitch of- six turns 
per inch along the core. These two wraps bundle 



498 2 T6 A1 


the filaments of the core and also increase the 
diameter about which a wire wrap 16 is wound so 
as to increase the amount of wire used. With the 
core filaments bundled, they present a unified 
5 mass rather than a spread out and thinner layer of 
filaments to a sharp object, to which the core may 
be exposed when the yarn is in use, and it is 
believed to be more difficult to cut through such an 
arrangement of bundled multiple filaments. The 
to bundled core filaments also present a substantially 
cylindrical and desirably uniform shape about 
which to wrap the wire 16 and subsequent wraps, 
thereby avoiding sharp bends in the wire and keep- 
ing the spacing of successive .turns of the wire 
75 relatively uniform along the length of the core. The 
texturized nylon has enhanced softness that mini- 
mizes irregularities when overwound with succes- 
sive wraps and thereby promotes a finished yarn of 
more uniform diameter. 
?0 Tne tnif d wrap 16 is a single fully annealed 

stainless steel wire 0.003 inch in diameter that is 
wound about the core and first two wraps at a rate 
of 8 turns per inch, uniformly spaced. The length of 
this wire is approximately 35 percent greater than 
25 the length of the core strand, and hence greater by 
the same amount than the length of a straight core 
> wire would be if used, thereby providing an in- 
■ creased amount of steel in the yarn over a straight 
core wire of the same diameter. By virtue of the 
30 helical shape of the wire, a knife blade or other 
sharp object approaching the yarn at an angle 
other than that of the wire helix will tend to have to 
cut through the wire of each composite yarn strand 
at more than one location, thereby meeting in- 
35 creased resistance over a core wire, which only 
interrupts the cutting path once. 

The fourth wrap 18 is a strand of 440 denier 
multifilament polyester fiber wrapped in the op- 
posite direction from that of the wire, with each turn 
40 directly adjacent the next to provide a substantially 
complete covering to the underlying turns and 
core. 

The fifth wrap 20 is two strands or so-called 
ends of 440 denier multifilament polyester fiber 

^5 wrapped together in the opposite direction from the 
fourth wrap, with each turn directly adjacent the 
, next to provide a substantially complete covering to 
the fourth wrap. Where it is desired to impart a 
color to the yarn, the fourth and fifth wraps, being 

so of polyester, may be dyed. The fourth and fifth 
wraps, while not of highly cut-resistant material, 
add body to the yarn and provide good comfort 
and feol to a garment made from I ho yarn because 
the material is soft, flexible, and non-abrasive, and 

55 is not slippery, as is Spectra. 

The yarn C comprises a core part 30 and 
multiple wraps 32. 34, 36, 38 and 40 applied one 
after the other and each wound helically in an 
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opposite direction from the preceding one, which 
helps balance forces incident to the wrappings so 
the yarn has no unusual twist or tendency to coil 
and assists in holding the wrappings, in place on 
the core. * 

• Tho coro pfirt 30 is n multifilament r.trnnd o( 
650 denier high clrongth strotchod polyethylene 
synthetic fiber, preferably /'Spectra 900". identical 
to the core part 10.- 

..The first two wraps 32, 34 are identical but 
wound in opposite directions about the core 30, 
and are each 70 denier multifilament nylon fiber 
and wrapped at a rate of six turns per inch along 
the core. These two wraps bundle the filaments of 
the core so they present a unified mass rather than 
a spread out and thinner layer of fibers to a sharp 
object, in the same manner and to the same ad- 
vantage as the wraps 12, 14. 

The third wrap 36 is two (or alternatively pre- 
ferred embodiments may use one or three) fully 
annealed stainless steel wires each 0.0016 inch in 
diameter that are together wound as a strand in 
one direction about the core 10 and the first two 
wraps 12. 14 at a rate of 8 turns per inch, uniformly 
spaced, for the same purpose and to the same 
effect as the wire 16 in the yarn B, the length of 
the wire strand being similarly increased over a 
straight strand. While the volume of steel is dimin- 
ished over that provided in yarn B, the surface area 
for contacting a sharp object is comparable and the 
flexibility is greater. Also, the profile is lower, re- 
sulting in a smoother base for subsequent wraps, 
and if . wires are broken in knitting or in use, the 
broken ends do not cause the discomfort that ends 
of larger diameter wire do because they are not as 
stiff and tend not to prick the skin of the wearer. 

The fourth wrap .38 is a strand of 650 denier 
Spectra 900 fiber identical to the core strand, 
wrapped in a direction opposite to that of the wrap 
36, with each turn directly adjacent the next to 
provide a substantially complete covering to the 
underlying turns and core. Because of the high cut- 
resistance of Spectra, this wrap adds substantia! 
cut-resistance to the yarn C. 

The fifth wrap 40 is a strand of . 1300 denier 
multifilament polyester fiber wrapped in the op- 
posite direction from the fourth wrap, with each turn 
directly adjacent the next to provide a substantially 
complete covering to the fourth wrap. The fifth 
wrap, while not of highly cut-resistant material, 
adds body to the yarn and provide good comfort 
and feel to a garment made from the yarn because 
the material is soft, flexible, and non-abrasive, and 
is not slippery, as is Spectra. 

The finished diameter of the yarns is between 
about 0.019 and 0.035 inch, and preferably not 
greater than 0.025 inch, to facilitate machine knit- 
ting on conventional knitting machines. 


Modifications to the preferred embodiments 
can be made without departing from the invention. 
For example, . synthetic materials other than the 
high strength stretched polyethylene can be used. 

5 If lower cut-resistance is acceptable, non-high 
. strength synthetic fibers may be substituted while 
still gaining the advantages of the physical arrange- 
ment provPded by the invention, particularly the 
advantages of the bundling of the core and the use 

70 of a wire wrap. Also, normal strength synthetic 
fibers other than nylon and polyester can be used, 
such as polyethylene, polypropylene, or teflon. 
Glass fibers of a denier from 150 to 2000, typically 
E glass or S glass, can also be used as a core or 
- 75 wrap. High strength or so-called high performance 
fibers other than high strength stretched polyethyl- 
ene (which is sometimes referred to as extended- 
chain polyethylene) that can be used include high 
strength aramid fibers, such as high strength Kevlar 

20 sold by E.I. duPont de Nemours, and high strength 
liquid crystal polymer fibers, such as Vectran HS, 
sold by Hoechst Celanese Corporation, Charlotte, 
North Carolina. A high strength synthetic fiber ma- 
terial is defined for present purposes as a fiber 

25 material having a tenacity of greater than 10 grams 
per denier. Preferably the high strength fiber ma- 
terial will have a tenacity greater than 20 grams per 
denier. 

In yarns B and C, the core may have a denier 
30 of between 500 and 2000, but preferably between 
500 and 1500; the first and second wraps may 
. have a denier of between 50 and 400 and be 
wrapped at least two turns per inch, preferably four 
to ten turns per inch; the third wrap, when of wire, 
35 may be one or more annealed stainless steel or 
other metal wires and. whether of wire or glass 
fiber, may be up to 0.010 inch in total diameter and 
wrapped at least two wraps per inch, preferably 
four to twelve wraps per inch; the fourth wrap may 
40 have a denier of 300 to 1200, and the fifth wrap 
may have a denier of 600 to 1500. Modifications 
may include other wraps located among those in- 
dicated. 

The expression of total diameter of the wrap of 
45 metal wires or glass fibers is intended to specify 
the si2e when the fibers are arranged in a bundle 
that is substantially circular in cross sectional 
shape, regardless of the actual cross sectional 
shape the wires or fibers take when incorporated 
so into the yarn, which shape may be non-circular. 

Notwithstanding the variations available, the 
preferred embodiments are believed to offer the 
most advantageous constructions, considering both 
cost and the various performance characteristics of 
55 cut-resistance, yarn uniformity, knitability, comfort, 
wear, flexibility, cleanability, low fluid absorption, 
and appearance. 

The preferred stainless steel wire is 304 stain- 
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less steel (although other 300 series stainless 
. steels are also acceptable and advantageous) hav- " 
ing a tensile strength of about 110,000 to 130,000 
pounds per square inch. The * preferred " "high 
strength fiber is Spectra, which has a tenacity of 15 s 
to 35 grams per denier and an elongation-to-break 
of not more than 5%. 

As an alternative to bundling the core fibers 10 
or 30 with wraps 12. 14 or 32, 34, a core 40 shown 
in Figure 4 can be used comprised of synthetic w 
multifilaments 42, preferably of high strength fiber, 
such as a Spectra, and held in a bundle substan- 
tially circular in cross section by a plastic coating 
44, e.g., Surlyn, although other coatings such a 
thermoplastics, polyurethane and the like may be 75 
used. Preferably, the coating is no more than 0.005 
inch thick. As a further alternative, multifilament 
fibers 42a identical to fibers 42 may be held in a 
similarly shaped bundle by a plastic matrix 46 of a 
material such as any of those used for the coating 20 
44, to form a core 48 as shown in Figure 5, to be 
used in place of the cores 10 or 30 and wraps 12, 
14 or 32, 34. Such a core is predominantly fibers. 

A glove F is shown in Figure 6 knit from the 
yarn 10 and has a polyurethane coating 50 on an 25 
outer surface 52. The coating is a mixture of thix- 
otropic and non-thixotropic resins and is applied in 
a desired pattern directly to the glove surface by 
an applicator. The resin mixture partially permeates 
the yarn for adhesion upon curing, but does not ' 30 
strike through to the inside of the glove. The cured 
coating is cut-resistant, soft, flexible and slip-resis- 
tant (i.e., it has a high coefficient of friction against 
relatively dry surfaces), and is securely adhered to 
the glove. The preferred pattern shown is formed 35 
by three separate sinuous strips 54, 56, 58 of 
polyurethane approximately 1/32 inch high and 
1/16 inch wide that do not intersect at any place. 
The pattern provides predominantly lateral lines 
across the finger stalls with connecting loops only 40 
to the extreme sides of the finger stalls, so in use 
the wearer need not buckle coating strips extend- 
ing along central areas of the finger stalls when the 
fingers are bent. A more detailed description of the 
coating and process for applying it to knitted cut- <s 
resistant gloves, as well as a description of other 
embodiments of gloves to which it is applied, can 
be found in copending U.S. patent application 
Serial No. 07/604,589 filed October 26, 1990, own- 
ed by the assignee of this application, the disclo- so 
sure of which is hereby incorporated herein by 
reference. 

Claims 


1. A cut-resistant yarn (B.C) suitable for machine 
knitting, having: (a) a core (10.30,40) of at least 
a 150 denier comprised of synthetic fiber; (b) 
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means (12.14,32,34,44,46) retaining fibers of 
the core in a bundle; (c) a wrap"(l6,36) having 
a maximum diamter of 0.010 inch consisting of 
metal wire or glass fiber, two to twelve turns 
per inch; and (d) one or more wraps (18,20) of 
300 to 2000 denier synthetic fiber with directly 
adjacent turns. . 

2. - A cut-resistant yarn as set forth in claim 1 

wherein said means comprises one or more 
wraps of 50 to 400 denier synthetic fiber, at 
least two turns per inch. 

3. A cut-resistant yarn as set forth in claim 1 
' wherein said means comprises a coating of 

plastic. 

4. A cut-resistant yarn as set forth in any of 
claims 1-3 wherein the synthetic liber of the 
core is high strength synthetic fiber. 

5. A cut-resistant yarn as set forth in any of 
claims 1-3 wherein the synthetic fiber of the 
core is glass fiber. 

6. • A cut-resistant yarn as set forth in any of the 

preceding claims wherein the synthetic fiber of 
at least one of said wraps is high strength 
synthetic fiber. 

7. A cut-resistant yarn as set forth in claim 4 or 6 
wherein the high strength synthetic fiber is 
high strength aramid. high strength stretched 
polyethylene, or high strength liquid crystal 
polymer. 

8. A cut-resistant yarn as set forth in any of the 
preceding claims wherein the wraps 
(12.14,16.32.34, 36) having at least two or two 
to twelve wraps per inch have spaced turns 
and the wraps (18,20,38,40) having directly 
adjacent turns are disposed about those wraps. 

9. A cut-resistant yarn as set forth in any of the 
preceding claims wherein the wrap (16,36) of 
metal wire or glass fiber is disposed about at 
least one wrap (12,14,32,34) of synthetic fiber. 

10. A cut-resistant yarn as set forth in any of 
claims 2 and 4-9 wherein the wraps are wound 

. about the core in the following order: one wrap 
(14,34) of 50 to 400 denier synthetic fiber, 
another wrap (12,32) of 50 to 400 donior syn- 
thetic fiber wound in the opposile direction, a 
wrap (16.36) of metal or glass fiber, one wrap 
(18,38) of 300 to 2000 denier synthetic fiber, 
and another wrap (20,40) of 300 to 2000 denier 
synthetic fiber wound in the opposite direction. 


5 


9 


EP 0 498 216 A1 


11. A cut-resistant yarn as set forth in claim 10 
wherein the. wraps (12,14,32,34) of 50 to 400 
• denier are of nylon, the wrap (16,36) of metal 
or glass fiber is annealed stainless steel, and 
the second .wrap of 300 to 2000 denier syn- 5 
thotic fiber is polyester; -y.\ y 


12. A cut-resistant yarn as set forth in claim 11 
wherein the-: first wrap (38) of 300 to 2000 
denier synthetic fiber is high strength aramid,' io 
high strength stretched polyethylene or high 
strength liquid crystal polymer.. 

13. .A cut-resistant protective article of apparel, 
such as a glove (A), knitted from a cut-resistant ' is 
yarn (B.C) as set forth in any of the preceding 
claims. 

14. A cut-resistant glove (A) knitted from a yarn 
(B,C) as set forth in any of claims 1-12, includ- so 
ing a slip-resistant, flexible, coating (50) ad- 
hered as a narrow, raised strip in a predeter- 
mined pattern (54,56,58) on a surface portion 

of the glove. 

25 

15. A cut-resistant glove as set forth in claim 14 
wherein the slip-resistant, flexible coating is 
polyurethane. 

30 
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